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(57) ABSTRACT

There 1s proposed a mechanism providing functions of a
so-called hybrid home node B (HHNB) where subscribers,
depending on their belonging to a specific subscriber group,
such as a closed subscriber group or an open subscriber
group, are admitted for a connection to the communication
network via different connection routes and systems. After a
request for connecting a subscriber 1s recerved, an 1dentifica-
tion process 1s performed whether the subscriber belongs to a
first subscriber group (CSG) or to a second subscriber group
(OSG). On the basis of this 1dentification, the subscriber 1s
assigned to a first connection route or a second connection
route. It 1s then checked whether available resources on the
assigned connection route are suificient, wherein on the basis
of this check the request for connecting 1s allowed or rejected.
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METHODS AND APPARATUS FOR
SUPPORTING MULTIPLE TYPES OF
CONNECTIONS TO A CORE NETWORK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method, apparatus and
computer program product providing a mechanism for con-
trolling a connection of different types ol subscribers to a
communication network via different links to a core network.
In particular, the present invention 1s related to a mechanism
providing functions of a so-called hybrid home node B
(HHNB) where subscribers, depending on their belonging to
a specific subscriber group, such as a closed subscriber group
or an open subscriber group, are admitted for a connection to
the communication network via different connection routes
and systems.

2. Related Background Art

Prior art which 1s related to this technical field can e.g. be
tound by the technical specifications TS 25.467 (current ver-
sion: 9.1.0) of the 3GPP.

The following meanings for the abbreviations used in this
specification apply:
3GPP—3rd generation partnership project
CSG—-—<losed subscriber group
DeNB—donor eNB
DSL—digital subscriber line
eNB—enhanced node B (Base station)
GAN—generic access network
HHNB—hybrid HNB
HNB—home node B
HNB GW—home node B gateway
[P—Internet protocol
LTE—Ilong term evolution
OSG—open subscriber group
RN—relay node
QoS—quality of service
UE—user equipment
UMA—unlicensed mobile access
WLAN—wireless local area network

In the last years, an increasing extension of communication
networks, e.g. of wire based communication networks, such
as the Integrated Services Digital Network (ISDN), DSL, or
wireless communication networks, such as the cdma2000
(code division multiple access) system, cellular 3rd genera-
tion (3G) communication networks like the Umversal Mobile
Telecommunications System (UMTS), cellular 2nd genera-
tion (2G) communication networks like the Global System
for Mobile communications (GSM), the General Packet
Radio System (GPRS), the Enhanced Data Rates for Global
Evolutions (EDGE), or other wireless communication sys-
tem, such as the Wireless Local Area Network (WLAN) or
Worldwide Interoperability for Microwave Access
(WiIMAX), took place all over the world. Various organiza-
tions, such as the 3% Generation Partnership Project (3GPP),
Telecoms & Internet converged Services & Protocols for
Advanced Networks (TISPAN), the Internation Telecommu-
nication Union (ITU), 3rd Generation Partnership Project 2
(3GPP2), Internet Engineering Task Force (IETF), the IEEE
(Institute of Flectrical and Electronics Engineers), the
WiIMAX Forum and the like are working on standards for
telecommunication network and access environments.

Generally, for properly establishing and handling a com-
munication connection between network elements such as a
UE and another communication equipment, such as a data-
base, a server, etc., one or more intermediate network ele-
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ments, such as network control elements, support nodes, ser-
vice nodes and interworking elements are mvolved which
may belong to different communication networks.

One approach to further develop telecommunication net-
works 1s the installation of so-called low-power base stations,
which are also commonly referred to as “femto-cells” or
home node B (HNB). Such low-power base stations are
advantageous 1n that they are low-cost and possibly user-
deployed cellular base stations using, for example, an IP
based wired backhaul, such as cable or DSL, designed to
provide service 1n local environments simailar to existing Wik1
access points.

Dense deployment of such low-power base stations offers
significantly higher capacity per area as compared to macro
cells, arising from using smaller cell sizes and more efficient
spatial reuse. Femto-cells can be used to provide deep in-
building broadband wireless services far more economically
than a macro cellular network. Additionally, there can also be
considerable savings associated with off-loading tratfic onto
the femto-cell, 1 particular for heavy data users.

According to current considerations, as done for example
by 3GPP, corresponding low-power base stations (referred to
hereinafter as HNBs) may appear like a normal (macro cell)
base stations (for example like an eNB) for UEs so that there
are no changes necessary 1n the UEs. The HNBs may provide
access to a core network of a network operator, for example,
via the Internet. For providing interfaces to the core network
via the internet, different access systems can be provided, for
example a so-called GAN, also known as UMA, which 1s
chosen by 3GPP as the way to provide the interfacing to the
operator’s core network.

However, despite the benefits achievable by 1nstalling such
low-power base stations or HNBs, there may arise also prob-
lems which have to be considered for guaranteeing proper
functioning of telecommunication networks. For example,
1ssues regarding interference management and efficient sys-
tem operation are to be considered.

In general, roll-out of femto-cells can be seen as an 1ntro-
duction of an entirely new and unplanned network infrastruc-
ture using low-power base stations on top of a caretully
planned and coordinated cellular network. For example, 1n
the existing cellular networks, the used base stations are
placed 1n specific locations that minimize the interference
among the base stations. Therefore, for ensuring a minimal
interference, femto-cells should use a dedicated part of the
frequency spectrum so as to completely avoid interference
problems, especially at the edges of macro-cells. However,
such a solution may not be suitable 1n practice for several
reasons, for example due to the unavailability of extra spec-
trum or the impossibility to clear-oil channels for this pur-
pose. Hence it 15 likely that femto- and macro-cells will share
the same frequency band. In this case, possible capacity and
coverage gains can dwindle away, for example due to macro/
temto-cell co-channel interference.

Furthermore, other 1ssues have to be considered further.
For example, also 1n view of the fact that low-power base
stations may be user-deployed cellular base stations, different
aspects with regard to open subscriber groups (OSG) and
closed subscriber groups (CSG) have to be considered. While
a free-for-all OSG access mode of operation would be more
appropriate from a spectrum efliciency point of view, the
CSG access mode may be preferable with regard to security,
privacy and fair resource distribution of the wired (x-DSL/
cable) Internet connection aspects. CSG access mode ensures
that only a relatively low number of “known’ subscribers (or
UEs) belonging for example to company members, friends or
family members, can be served by the HNB. Also 1n view of
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possible legal consequences, a user running a low-power base
station might not wish to share his/her Internet connection
with other people, such as neighbors or persons being 1n the
vicinity (and thus the coverage area of the HNB) simply to
offload the macro-cell network. Therefore, an access restric-
tion 1s to be expected.

On the other hand, 11 such other users are totally unable to
access the cellular network via the nearby femto-cell whose
signal may be much stronger than that of the (possible) far
away macro-cell base station, interference will be a problem.

Furthermore, 1n case the HNB 1s linked to the core network
by means of wired connections, such as DSL, a further prob-
lem may arise due to the capacity of the DSL line which may
be lower than that of the link between the UE and the HNB,
for example 1n case of a LTE air interface. Thus, the link
between the HNB and the core network may become the
bottleneck of such a system. As a result, even if the LTE air
interface 1s not overloaded, congestion might occur on the
DSL line affecting all users of the HNB, but also users con-
nected directly to the DSL modem e.g. via Ethemnet.

SUMMARY OF THE INVENTION

Thus, it 1s an object of the 1nvention to provide an appara-
tus, method and computer program product by means of
which a new mechanism for a low-power base station 1s
provided by means of which different kinds of connection for
different types of subscribers can be admitted and interfer-
ence problems can be avoided. In particular, 1t 1s an object 1f
the invention to provide a mechanism where, depending on
the belonging of a subscriber to a specific subscriber group,
such as a closed subscriber group or an open subscriber
group, different connection routes or access to the communi-
cation network can be controlled. Moreover, 1t 1s an object of
the mvention to provide a corresponding mechanism where
load situations at different connection routes can be consid-
ered when admitting a subscriber and a more tlexible access
control 1s possible.

These objects are achieved by the measures defined 1n the
attached claims.

According to an example of the proposed solution, there 1s
provided, for example, a method comprising receiving a
request for connecting a subscriber, identitying whether the
subscriber belongs to a first subscriber group or to a second
subscriber group, deciding, on the basis of the i1dentified
subscriber group of the subscriber, to assign the subscriber to
a first connection route or a second connection route, check-
ing available resources on the assigned first or second con-
nection route, and processing the request 1n accordance with
a result of the resource check.

Additionally, according to an example of the proposed
solution, there 1s provided, for example, an apparatus com-
prising a receiver configured to recerve a request for connect-
ing a subscriber, a processor configured to process the
request, wherein the processor further comprises an identifier
configured to identity whether the subscriber belongs to a first
subscriber group or to a second subscriber group, a decider
coniigured to decide, on the basis of the subscriber group of
the subscriber identified by the identifier, to assign the sub-
scriber to a first connection route or a second connection
route, a detector configured to check available resources on
the assigned first or second connection route, and a process-
ing portion configured to process the request 1n accordance
with a result of the resource check of the detector.
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4

According to further refinements, there may be comprised
one or more of the following features:

the processing of the request may further comprise one of
admitting the subscriber for establishing a connection
via the assigned connection route when the result of the
resource check indicates suificient resources on the
assigned connection route, or rejecting the request of the
subscriber when the result of the resource check does not
indicate sullicient resources on the assigned connection
route, or checking, when the result of the resource check
does not indicate sullicient resources on the assigned
convection route, resources on the other of the first or
second connection route being different to the assigned
connection route, wherein, when the result of the
resource check indicates sufficient resources on the
other connection route being different to the assigned
connection route, there may be further executed a chang-
ing ol the assignment of the subscriber to the other
connection route, and admitting of the subscriber for
establishing a connection via the other connection route;

a setup ol a downlink path via the assigned connection
route may be 1nitialized when the subscriber 1s admatted;

the first subscriber group may be a closed subscriber group,
and the second subscriber group may be an open sub-
scriber group;

the first connection route and the second connection route
may comprise a link to the subscriber, wherein the
checking of available resources on the assigned first or
second connection route may be conducted with regard
to the link to the subscriber;

the first connection route may further comprise a link to a
core network, which may be based on a femto cell archi-
tecture including a wired backhaul, or a link to the core
network, which may be based on a relay node architec-
ture including a wireless connection as its backhaul, and
the second connection route may comprise the other link
to the core network, based on the femto cell architecture
or the relay node architecture, which 1s not used by the
first connection route;

the assignment of the first connection route or the second
connection route to the subscriber may further comprise
a determination of traffic loads on the first connection
route and the second connection route, wherein the
assignment ol the subscriber to the first or second con-
nection route may be executed on the basis of the deter-
mined traffic loads;

the assignment of the first connection route or the second
connection route to the subscriber may further comprise

a determination of a quality of service level to be pro-
vided for traffic 1n a connection to be established for the
subscriber, wherein the assignment of the subscriber to
the first or second connection route may be executed on
the basis of the determined quality of service level;

the assignment of the first connection route or the second
connection route to the subscriber may further comprise
a determination of a bearer category of a bearer used for
a connection of the subscriber, wherein the assignment
of the subscriber to the first or second connection route
may be executed on the basis of the determined bearer
category;

traific loads on the first connection route and the second
connection route may be determined when the sub-
scriber 1s assigned to the first or second connection
route, on the basis of the determined traffic loads, the
assignment of the subscriber to the other of the first or
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second connection route may be changed, and a setup of
a downlink path via the changed connection route may
be 1n1tialized;

the first subscriber group may be given a higher priority

than the second subscriber group, wherein, when the
subscriber belongs to the second subscriber group, the
request for connecting the subscriber may be rejected
when the available resources are below a predetermined
threshold.

Moreover, according to another example of the proposed
solution, there 1s provided, for example, a computer program
product for a computer, comprising soltware code portions
for performing the steps of the above defined method, when
said product i1s run on the computer. The computer program
product may comprise a computer-readable medium on
which said software code portions are stored. Furthermore,
the computer program product may be directly loadable 1nto
the internal memory of the computer and/or transmittable via
a network by means of at least one of upload, download and
push procedures.

By virtue of the proposed solutions, it 1s possible to provide
a system where low-power base stations can be implemented
while a flexible control of accesses of different subscribers
can be executed. For example, a corresponding low-power
base station, which 1s also referred to herematter as hybrid
HNB, admits OSG users to be served via one connection
route, which 1s for example a relay node based link, by means
of which a capacity of a link for other users, e.g. CSG sub-
scribers, via another connection route, for example a HNB
based link via a wired connection to the network, such as
DSL, 1s not affected (for example, DSL capacity for the CSG
users 1s not impacted). Therefore, CSG users do not feel any
restrictions or a deteriorated experience even 11 OSG users are
connected. This can be further improved by giving registered
users (CSG users) an absolute QoS priority in detriment of
other (OSG) users.

On the other hand, 1n order to improve the flexibility of the
network as a whole, spare capacity on e.g. the DSL line can be
used for the tratfic of the OSG users, thus reducing the impact
on the air interface capacity between the relay node part and
the core network.

Additionally, subscribers of e.g. the CSG may also benefit
from the proposed solution because the OSG users are not
required to connect only to a distant base station, such as a
macro eNB, which would cause interference to the HNB cell,
especially in the UL direction.

Moreover, since both the CSG and OSG users served by the
hybrid HNB share the same cell (1.e., the air interface
resources are shared between the two types of users), the
capacity of the respective backhaul can be easily shared, and
since the hybrid HNB will appear as a normal base station
(such as a eNB) to both types of users, a further adaptation of
user equipments 1s not necessary. In other words, the function
of the hybrid HNB 1s completely transparent to the UEs, so
that also UEs of earlier releases can share the benefits of this
configuration.

In addition, network operators will benefit from the pro-
posed hybrid approach as it 1s expected to ameliorate the
interference problems caused by the uncoordinated deploy-
ment of femto-cells. At the same time, there 1s no penalty to
the user’s x-DSL/cable Internet access.

Furthermore, the deployment of hybrid HNBs that can also
simultaneously act as a relay node will not only make the
system more robust to failures due to excessive interference,
but it also creates alternatives for load sharing and load
switching. Hence, the proposed solution increases also the
flexibility of the system with regard to load 1ssues, for
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example by deciding which connection route 1s to be used for
a subscriber connecting to the hybrid HNB under consider-

ation of load conditions at the respective connection routes
(HNB based link or relay node link, 1.e. wired or wireless link

towards the core network). If one of the connection routes 1s
heavily loaded or even congested, then the other route may be
selected. By means of this function, also QoS requirements of
the traffic may be considered, in particular for CSG users
which may have a higher priority for service. In addition, as a
further alternative, when the radio resources from the macro-
cell are exhausted or insuilicient, there 1s still a possibility to
handover regular (unregistered) users to the hybrid HNB
whenever excessive capacity 1s available (including the DSL
backhaul) that will act as a relay node for such UEs.

As a further advantage, 1t 1s possible to enhance the inter-
ference coordination in the communication network as a
whole, for example by enabling the hybrid HNB with the
relay node functionality to perform interference coordination
between the hybrid HNB and macro base station (the eNB)
via the wireless backhaul link. If the wireless backhaul link 1s
active for OSGrelay node users, 1t can also be used to employ
interference coordination between CSG HNB users and
macro UEs. The same measurements and messages used for
interference coordination between relay node served UEs and
macro eNB served UEs can be also used for interference
coordination between HNB served UEs and macro eNB
served UEs.

The above and still further objects, features and advantages
of the invention will become more apparent upon referring to
the description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram illustrating an example of a
deployment scenario of a low-power base station according to
examples of embodiments of the invention 1n communication
network.

FIG. 2 shows a diagram 1llustrating details of a configura-
tion of a low-power base station according to examples of
embodiments of the invention.

FIG. 3 shows a flow chart illustrating a procedure for
controlling admittance of a subscriber according to an
example of an embodiment of the invention.

FIG. 4 shows a flow chart illustrating a procedure for
controlling admittance of a subscriber according to a further
example of an embodiment of the invention.

FIG. 5 shows a diagram illustrating a configuration of a
network device executing a procedure for controlling admut-
tance of a subscriber according to an example of an embodi-
ment of the mvention.

DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following, examples and embodiments of the present
invention are described with reference to the drawings. For
illustrating the present invention, the examples and embodi-
ments will be described 1n connection with a communication
system which may be based on a 3GPP LTE system where
different users or subscribers using arespective UE are able to
establish a connection with the network by means of different
accesses. However, 1t 1s to be noted that the present invention
1s not limited to an application in such a system or environ-
ment but 1s also applicable 1n other communication systems,
connection types and the like.

A basic system architecture of a communication network
may comprise a commonly known architecture comprising a
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wired or wireless access network subsystem and a core net-
work. Such an architecture comprises one or more access
network control units, radio access network elements, access
service network gateways or base transceiver stations, with
which a UE 1s capable to communicate via one or more
channels for transmitting several types of data. Furthermore,
core network elements such as gateway network elements,
AAA network elements, HSS network elements, policy and
charging control network elements and the like are usually

comprised. The general functions and interconnections of
these elements are known to those skilled 1n the art and
described in corresponding specifications so that a detailed
description thereof 1s omitted herein. However, 1t 1s to be
noted that there may be provided several additional network
clements and signaling links used for a communication con-
nection or a call between UEs and/or servers than those
described 1n detail herein below.

Furthermore, the described network elements, such as

gateway elements like a HNB GW, base stations such as a
HNB, HHNB, eNB, DeNB etc., network control elements

located 1n the core network, a UE and the like, and their
tfunctions described herein may be implemented by software,
e.g. by a computer program product for a computer, or by
hardware. In any case, for executing their respective func-
tions, correspondingly used devices and network element
may comprise several means and components (not shown)
which are required for control, processing and communica-
tion/signaling functionality. Such means may comprise, for
example, a processor umt for executing instructions, pro-
grams and for processing data, memory means for storing
instructions, programs and data, for serving as a work area of
the processor and the like (e.g. ROM, RAM, EEPROM, and
the like), input means for inputting data and instructions by
software (e.g. floppy diskette, CD-ROM, EEPROM, and the
like), user interface means for providing monitor and manipu-
lation possibilities to a user (e.g. a screen, a keyboard and the
like), mterface means for establishing links and/or connec-
tions under the control of the processor unmit (e.g. wired and
wireless interface means, an antenna, etc.) and the like.

In FIG. 1, a simplified architecture of an exemplary com-
munication network 1s shown in which a low-power base
station according to examples of embodiments of the iven-
tion (referred to hereimnafter as hybrid HNB or HHNB) 1s
implemented for controlling the admission of different sub-
scribers which may belong to different subscriber groups,
such as OSG or CSG. The communication network shown 1n
FIG. 1 1s based on a 3GPP LTE network architecture.

It 1s to be noted that the network architecture shown 1n FIG.
1 depicts only those network elements which are usetul for
understanding the principles of the examples of embodiments
of the mmvention. As known by those skilled in the art there are
several other network elements involved 1n the establishment,
control and management of a communication connection
which are omitted here for the sake of simplicity.

Furthermore, with regard to links or interfaces between the
network elements shown in FIG. 1, the indications provided
in FIG. 1 represent only examples for such links. Other defi-
nitions or links providing similar functionality may be also
used.

Referring to FI1G. 1, reference sign 10 denotes a UE1 of a
first subscriber and reference sign 15 denotes a UE2 of a
second subscriber. In the following, 1t 1s assumed that the first
subscriber (1.e. UE1 10) 1s a registered user and member of a
CSG forthe HHNB, while the second subscriber (1.e. UE2 15)
1s an unregistered user and thus only capable to establish a
link to the HHNB as an OSG member.
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Reterence sign 20 denotes a hybrid HNB or HHNB accord-
ing to examples of embodiments of the invention and repre-
senting an example of a low-power base station covering a
temto-cell area 200 1indicated by a dashed circle. The HHNB
20 provides both functions of a home node B and of a relay
node.

In this connection, 1t 1s to be noted that as one of the main
driving forces behind the deployment of relays i1s the low
infrastructure cost, relay nodes, for example those planned to
be used 1n an LTE-Advanced network, are assumed to be
connected to the core network by using in-band (1.¢. using the
same {requency band as for the HHNB-UE link) or out-band
(1.e. using another frequency band as for the HHNB-UE link,
the other band however may also be a band where LTE tech-
nology 1s used) wireless backhaul link based on the LTE
advanced air mterface nstead of using wired links or dedi-
cated out-of-band (microwave, HSPA, proprietary systems
ctc.) wireless links. On the other hand, HNBs may use wired
backhaul links to core network. The duplex function of
HHNBs according to examples of the invention that can act as
HNBs and relay nodes simultaneously 1s however completely
transparent to UEs, so that there 1s no necessity for modifica-
tions of UEs which are to connect to a HHNB so as to enable
them to benefit from the duplex functionality (it 1s to be noted
that duplex functionality here should not be confused with
duplexing technology like FDD (frequency division duplex-
ing) or TDD (time division duplexing) but refers to the dual
connectivity option).

Reterence sign 30 denotes a core network or core network
(CN) element providing services to users.

Reterence signs 40 and 60 denote base transceiver stations,
such as eNBs, representing examples of access points for a set
of macro cells 100 indicated by a dashed circle (one cell
thereol 1s typically served by one eNB). Specifically, refer-
ence sign 40 denotes a DeNB which controls a communica-
tion via a relay node (which 1s part of the HHNB 20) towards
the core network, for example via a gateway node (not
shown). Reference sign 60, on the other hand, represent a
“normal” eNB, for example, which i1s an alternative entry
point for a UE. According to the scenario indicated in FIG. 1,
it 1s assumed that both eNBs 40 and 60 are located at a
significant distance to the UEs 10 and 135, 1.e. the HHNB 15
located much nearer to the UEs 10 and 15, resulting in the
interference problems indicated above.

Reference sign 50 denotes a HNB GW which 1s used as a
router from the HNB function of the HHNB 20 to and from
the core network. The HNB GW 50 appears as a radio net-
work control element to the core network and provides con-
centrations functions for control plane and user plane with
regard to the HHNB 20 (or another HNB (not shown)).

FIG. 2 shows further details of the configuration of the
HHNB 20 as well as the links/connections between the
respective network elements. In addition to the elements
shown 1n F1G. 1, reference sign 210 indicates a CSG to which
the UE1 10 (1.e. its user) belongs, while reference sign 220
indicates a OSG to which the UE2 15 1s to be counted (from
the viewpoint of the HHNB 20).

It 1s to be noted that 1n the example shown 1n FIG. 2, 1t 1s
assumed that a UE 1s connected to either a HNB part or arelay
node part, but not both. In other words, the connected to and
from the communication network (the core network) 1s done
cither via the relay node part or via the HNB part.

With regard to the links between the respective elements,
1.e.the UEs 10, 15, the HHNB 20, the HNB GW 50, the DeNB
40 and the core network 30 (and thus to the services provided
thereby), 1.e. with regard to the respective interfaces and the

backhauls, the UEs 10 and 15 are connected to the HHNB 20
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by means of a common interface, for example air interface
based on LTE specifications. For receiving/sending signaling
from/to the UEs, the HHNB 20 has one or more input/output
(I/O) units 21 (air interfaces). The data received from the CSG
and OSG UEs 10 and 15 are received at the hybrid HNB via
the I/O unit 21 and then routed to a HNB specific part 22 or to
a relay node (RN) specific part 23. According to one example
of embodiments of the mvention, and for facilitating the
understanding, 1t 1s assumed that a normal operation would be
that CSG users are routed towards the HNB part 22 while the
OSG users are routed towards the RN part 23.

However, 1t 1s to be noted that this routing scheme 1s only an
example and not restrictive. For example, there may be also
cases where the routing of CSG and OSG user 1s the other way
around (1.e. OSG users to HNB part or CSG users to RN part),
and even a mixed scenario where a mix of OSG and CSG UEs
are routed via the RN and HNB parts 1s possible. The decision
where to route a corresponding user (or UE) may depend, for
example, on the load conditions 1n the respective connection
routes between the UEs and the HHNB or between the HHNB
and the core network, such as a DSL link and the air inter-
faces.

Referring back to FIG. 2, when the data are routed to the
HNB specific part 22, a corresponding connection route
towards the core network comprises a link to the HNB GW
50, which 1s, for example, a wired DSL link or the like (wired
backhaul). On the other hand, when the data 1s routed to the
RN specific part 23, a corresponding connection route
towards the core network comprises a link to the DeNB 40
(controlling the relay node function of the HHNB 20), which
1s, for example, a wireless 1in-band link (wireless backhaul).
This wireless link may also include one or more I/O units
similar to the I/O unit 21. Alternatively or additionally, 1t may
reuse the I/O umt 21 (e.g. for cost saving), but this i1s not
shown here in order not to obscure the presentation of the
routing paths.

From the HNB GW 50 or the DeNB 40, the data are
torwarded to the core network by means of a standard con-
nection link, for example.

In the downlink (DL) direction, also assuming that a UE 1s
connected erther to the RN or the HNB part but not to both, the
operation 1s straightforward, as the operation from the core
network (CN) point of view will be the same as 11 the UE 1s
connected to a standalone relay node or a standalone HNB. In
this context, 1t 1s to be noted that when a UE (UE1 10 or UE2
15, for example) connects to the HHNB 20, a decision 1s made
to associate the UE to the HNB part 22 or the RN part 23, a DL
path 1s set accordingly in the network. If the association of a
UE 1s changed later, for example due to varying load condi-
tions 1n the network requiring a change from the RN part to
the HNB part, for example, the path has to be changed accord-
ingly. For example, if congestion occurs i the DSL link of the
HNB part 23, and the HHNB 20 decides to relieve the con-
gestion by routing the data of some CSG UEs via the RN part
23, a path switch command may sent towards the core net-
work, either from the RN part 23 or from the controlling
DeNB 40 (depending on the relay architecture, 1.¢., whether
relay nodes are visible to the core network or not) to notify 1t
that from there onwards DL data for the concerned UE has to
be forwarded towards the relay node part 23 (1.e. via the
DeNB 40). For such a path switch command, procedures
known from handover control may be used, for example
messages used during the handover completion phase (1.e.,
the HHNB 20 may start a stripped down handover procedure
where only handover completion stages may be performed).

With regard to the functions of the HHNB 20, as indicated
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and a “normal” relay node. By means of this, 1t 1s 1n particular
usetul for controlling admission of different user who may be
members of a CSG or are part of an OSG. According to
examples of embodiments of the invention, the HHNB 20
operates as a CSG femto-cell, 1.e. mainly using wired back-
haul, when serving registered (CSG) users. On the other hand,
it appears as an OSG relay to all other (OSG) users, thus using
the 1in-band wireless link as its backhaul.

In other words, according to an example of an embodiment
of the invention, the HHNB 20 may act like a normal HNB
with regard to connection setup and management and act like
a normal relay node with regard to the set up of the wireless
backhaul link. Thus, different to a conventional HNB, the
HHNB 20 according to examples of embodiments of the
invention does not only serve CSG users, but may admit also
OSG users (11 the load conditions allow 1t, for example).

Furthermore, the HHNB 20 admaits OSG users to be served
via the relay link, thus not impacting for example a DSL
capacity for the CSG users, and thus not compromising their
experience. On the other hand, it 1s possible that spare capac-
ity on the wired link (the DSL line, for example) may also be
used for traffic of OSG users, 1t available and allowed, so that
an 1mpact on the air interface capacity may be reduced. The
CSG users (1.e. the “normal” HNB users) also benefit from
this configuration because, in contrast to conventional sys-
tems, the OSG users would not have to connect to a distant
eNB (such as eNB 60 of FIG. 1), which may cause interfer-
ence to the femto-cell, especially in the uplink (UL ) direction.

As mdicated 1n FIG. 2, both the CSG and OSG users (UE1
10 or UE2 15) served by the HHNB 20 share the same cell
(1.e., the air interface resources are shared between the two
types of users), and the HHNB 20 appears like a normal eNB
to both types of users, so that no modification 1n the UEs 1s
necessary.

In the following, an example of an embodiment of the
invention regarding a mechanism for admission controlling
of different users (CSG and OSG users) 1s described with
reference to a flow chart according to FIG. 3. Specifically,
FIG. 3 shows a procedure for controlling the admission of a
UE for which a connection request 1s sent towards the HHNB
20, wherein different connection routes are usable for estab-
lishing a connection to the core network (1.e. the HNB based
connection route and the relay node based connection route
using different backhauls). The procedure shown 1n FIG. 3
may be executed, for example, by the HHNB 20.

In step S10, arequest for connecting a UE 1srecerved by the
HHNB 20. The request may be, for example, a handover
request to handover the UE from another base transceiver
station (for example a macro-cell eNB) to the HHNB 20, or an
initial call setup request at the HHNB 20, or even a request
related to cell selection of a UE 1n 1dle mode.

With regard to a case where the request for connecting a UE
1s caused due to a handover decision, a UE that is being served
by a macro-cell eNB and comes within the vicinity of the
HHNB 20 has sent measurement reports to the macro-cell
eNB (e.g. eNB 60 of FIG. 1). The macro-cell eNB 60 has then
decided to send a handover request, 11 the signal towards the
HHNB 20 satisfies the handover initiation requirements.

In this connection 1t 1s to be noted that sending a request for
connecting a UE, e.g. a selection of the HHNB by OSG UEs
in the vicinity, may be encouraged or discouraged by tuning
cell selection parameters, for example depending on the
capacity headroom available at the HNB (or 1ts backhaul).

In step S20, upon receiving the request for connecting the
UE, 1t 1s checked whether the UE to which the request 1s
related (e.g. UE1 10 or UE2 15), 1.e. the subscriber thereof

belongs to a specified subscriber group, such as a CSG or not
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(1.e. OSG). In other words, it 1s checked whether the U.
belongs to a first or a second subscriber group.

If the user happens to be a CSG user (1.e. UE1 10, for
example), step S20 1s positive and step S30 follows. This
means that 1t 1s decided to assign the UE to a {irst connection
route (also referred to as assigned connection route). Accord-
ingly, in step S30, an admission control starts which is related
to, for example, a HNB admission. In other words, it 1s
checked 1f sufficient radio resources on the air interface
between the HHNB 20 and the UE1 10 are available to
accommodate the UE1 10. If the check in step S30 1s positive,
step S40 1s executed where the UE1 10 1s admitted and a DL
path setup 1s executed towards the serving gateway (and the
corenetwork) so as to set up a transmission of data via the first
connection route which then includes the HNB part (wired
backhaul, for example). Hence, from this moment onwards,
the HNB GW sends DL packets directly towards the HNB,
¢.g. via the Internet.

Otherwise, 1n case the check 1n step S30 1s negative, 1.¢.
there are not sulficient resources especially on the air inter-
face, the request for connecting UE1 10 1s rejected 1n step
S50.

On the other hand, 11 1t 1s determined 1n step 20 that the user

does not belong to a CSG (e.g. UE2 15), then a different
admission control takes place, for example a RN admission.
This means that it 1s decided to assign the UE to a second
connection route. Thus, 1n a then following step S60, 1t 1s
checked whether there are suilicient resources on the second
connection route. Specifically, 1t 1s checked whether the avail-
able resources on both the air interface and the wireless back-
haul link between the HHNB 20 and the controlling eNB
(DeNB 40) that 1s overseeing the RN functionality of the
HHNB 20 are suificient.
If the necessary resources are determined 1n step S60 as
being available, then step S70 follows where, similar to step
S40, the UE2 15 1s admitted for a connection via the second
connection route (RN part) and the DL path 1s switched 1n
respective gateways towards the core network, so that data
destined to the UE from there onwards will be routed via the
DeNB 40, which will then forward it to the relay node part via
its wireless backhaul link towards the HHNB 20.

Otherwise, 1n case the check 1n step S60 1s negative, 1.¢.
there are not suificient resources, the request for connecting
UE2 15 1s rejected 1n step S80.

Next, a further example of an embodiment of the invention
regarding a mechanism for admission controlling of different
users (CSG and OSG users) 1s described with reference to a
flow chart according to FIG. 4. Specifically, FIG. 4 shows a
procedure for controlling the admission of a UE for which a
connection request 1s sent towards the HHNB 20, wherein
different connection routes are usable for establishing a con-
nection to the core network (i.e. the HNB based connection
route and the relay node based connection route using differ-
ent backhauls). The procedure shown 1n FIG. 4 1s similar to
that described 1n connection with FIG. 3, so that steps being,
equivalent to the procedure of FIG. 3 are denoted by the same
reference signs and not described 1n detail again. However, in
contrast to the procedure of FIG. 3, the procedure of FIG. 4
considers the possibility to change the assignment of a user to
the other connection route (1.e. to change the original connec-
tion route which 1s decided to be assigned to the UE), for
example in case the load conditions are such that a connection
via the primarily assigned connection route 1s not suitable.
Again, the procedure according to FIG. 4 may be executed,
for example, by the HHNB 20.

The procedure according to FIG. 4 comprises also steps
S10 to S80 whose functions are basically equivalent to steps
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S10 to S80, 1.e. a corresponding subscriber group check
admission control procedure are executed.

Different to the procedure according to FIG. 3, in that of
FIG. 4, the check 1n step S30 may also comprise a check
whether the assigned connection route which comprises also
the wired backhaul provides suilicient resources. 11 the result
in step S30 indicates, for example, a critical load situation or
congestion on the wired backhaul, (INO 1n step S30) instead of
directly rejecting the request for connecting the UE, step S35
1s executed where 1t 1s checked whether resources on the other
connection route (1.e. RN based connection route with wire-
less backhaul) would suffice the needs for a connection of the
UE 1n question (UE1 10, for example).

If the result of step S35 1s positive, then the UE1 10 1s
admitted for the RN part, 1.e. the assignment of the UE1 10 1s
changed to the second connection route, wherein a corre-
sponding set up of the DL path 1s also mitiated.

Otherwise, 1n case the result of step S35 1s negative, 1.¢.
there are also not sulficient resources on the second connec-
tion route, the request 1s rejected 1n step S30.

In a similar manner, and also different to the procedure
according to FI1G. 3, according to the procedure shown in FIG.
4, 11 the result of the check in step S60 indicates, for example,
insuificient resources on the second connection route, espe-
cially with regard to the wireless backhaul ling towards the
DeNB, (NO 1n step S60) instead of directly rejecting the
request for connecting the UE (UE2 15, for example), step
S65 15 executed where 1t 1s checked whether resources on the
other connection route (1.e. HNB based connection route with
wired backhaul) would suifice the needs for a connection of
the UE 1n question. In this connection, 1t may also be checked
whether there 1s an allowance present indicating that 1t 1s
allowed to switch OSG users to the HNB part at all.

If the result of step S65 1s positive, then the UE2 15 1s
admitted for the HNB part, 1.e. the assignment of the UE2 15
1s changed to the first connection route, wherein a corre-
sponding set up of the DL path 1s also mitiated.

In this connection, 1t 1s to be noted that the decision on step
S65, 1.e. to switch the OSG user to the HNB part, may also
depend on priority values given to the CSG users. This means,
for example, that even if there are basically suificient
resources on the HNB part available, 1f these resources are
below, for example, a predetermined threshold, they are only
available for CSG users, resulting 1n an inhibition of a switch
of the OSG user to the HNB part, for example.

Otherwise, 1n case the result of step S65 1s also negative,
1.e. there are also not suificient resources on the first connec-
tion route (or 1n case there 1s no allowance indication for a
switch to the HNB part, or priority issues (thresholds) inhibits
the change to the HNB part), the request 1s rejected in step
S80.

In FIG. 5, a block circuit diagram of a low-power base
station network element with shared HNB and relay node
functions, such as the HHNB 60, 1s shown which 1s config-
ured to implement the admission control described 1n con-
nection with FIG. 3 or FIG. 4. It 1s to be noted that the HHNB
20 shown 1n FIG. 5§ may comprise several further elements or
functions besides those described in connection therewith but
which are omitted herein for the sake of simplicity as they are
not essential for understanding the invention.

The HHNB 20 may comprise a processing function or
processor 201, such as a CPU or the like, which executes
instructions given by programs or the like related to the power
control. The processor 201 may comprise further portions
dedicated to specific processings described below. Portions
for executing such specific processings may be also provided
as discrete elements or within one or more further processors,
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for example. Reference signs 202 and 203 denote transcerver
or input/output (I/0) units connected to the processor 201 (or
corresponding other elements comprising the functions of the
turther portions). The I/O unit 202 may be used for commu-
nicating with UEs via an air interface. The I/O unit 203 may
be used for communicating with other network elements via
corresponding interfaces, such as wired interfaces (for the
HNB part) and wireless mterfaces (for the RN part). The I/O
units 202 and 203 may be a combined unit comprising the
communication equipment towards all network elements 1n
question, or may comprise a distributed structure with a plu-
rality of different interfaces. Reference sign 204 denotes a
memory usable, for example, for storing data and programs to
be executed by the processor 201 and/or as a working storage
of the processor 201.

The processor 201 1s configured to execute processings
related to the admission control described 1 examples of
embodiments of the invention. For example, the processor
201 comprises a UE 1dentification portion 211 which identi-
fies to which subscriber group (e.g. CSG, OSG) a UE {for
which admission 1s requested belongs. Reference sign 212
denotes a HNB part which functions similar to the HNB
specific part 22 shown 1n FIG. 2, for example. Reference sign
213 denotes a RN part which functions similar to the RN
specific part 23 shown 1n FIG. 2, for example. Reference sign
214 denotes a resource check portion which 1s capable to
determine whether the resources on the respective connection
routes (air interfaces, wired/wireless links) are sufficient or
not. Reference sign 215 denotes a decision portion which, on
the basis of the result of the resource check portion 214,
admuts or rejects the connecting request. The portion 215 may
also determine whether there are further restrictions regard-
ing a connection or a switch of connection of an OSG user to
the HNB part, as described above.

In the above described examples of embodiments of the
invention, admission control for UEs 1s mainly executed on
the basis of information whether the UE 1n question belongs
to a first (CSG) subscriber group or a second (OSG) sub-
scriber group. According to further examples of embodiments
ol the invention, 1t 1s also possible to perform a more complex
optimization where the association with the HNB or RN part
1s at a bearer level rather than a UE level. A bearer can be
considered as a virtual connection between the Core Network
(CN) and the UE that 1s characterized by a set of Quality of
Service (QoS) parameters. The traffic belonging to different
bearers will be treated according to the QoS parameters of the
bearers on the different nodes between the CN and the UE.

According to corresponding examples of embodiments of
the invention, additional functionality in the HNB-GW and
even the CN may be necessary.

For example, according to a corresponding example of
embodiments of the invention, traffic may be routed to the
HNB part or RN part not only depending on the type of the
user (CSG or OSG), but also on the QoS requirements of the
traific. For example, assuming a situation where only plural
CSG users are connected and there 1s congestion 1n the wired
backhaul (DSL link). Then, according to examples of
embodiments of the invention, bearers with strict delay
requirements (1.¢. bearers of a first category ) may be oftload to
the RN part, while keeping the best effort bearers (1.e. bearers
of second category) on the HNB part. The reverse decision
may be made also, 1.¢. best effort bearer are placed on the RN
part and strict QoS bearers are kept on the HNB part, 11 there
1s no congestion 1n the wired backhaul but the delay in the RN
part 1s higher.

As a further example, the following scenario may be con-
sidered. When 1t 1s decided to assign a bearer to anon-primary

10

15

20

25

30

35

40

45

50

55

60

65

14

route and the user admission 1s decided there (1.e. the admis-
s1on of that bearer of that user), not only user properties (such
as belonging to CSG or OSG) may be taken 1nto account but
also bearer properties may be considered.

For example, bearers having a very high priority may be
tolerated by the HNB part despite they require and shorten
thus DSL-capacity. On the other hand, other bearers (with a
lower priority) are not allowed to share resources on the HNB
part.

However, in both cases, 1t 1s necessary to forward the DL
data of a given UE towards multiple paths.

According to an example of an embodiment of the mnven-
tion, this 1s accomplished by modilying processing of the
HNB GW 50 so that there 1s no change from a core network
point of view (there 1s still only one path towards the HNB
GW for the transmission in the DL direction). Specifically,
when the HNB GW receives data to be routed to the UE, the
HNB GW either passes 1t to the HHNB directly via the HNB
part 1f the concerned bearer 1s associated with the HNB part,
or routes 1t to the DeNB via the core network 1f the concerned
bearer 1s associated with the RN part.

This approach brings only minimal changes (if any) to the
core network. However, 1t has to be considered that data has to
be sent twice 1n the link between the HNB GW and the core
network which may have an impact with regard to the delay
and the load.

Thus, according to a further example of an embodiment of
the 1nvention, as another approach the core network itself
determines to which connection route (HNB part or RN part)
a respective bearer 1s associated. According to this, the trans-
mission path for data 1s switched at the CN side. In other
words, the core network supports multiple DL paths towards
a given UE, each associated with a given (set of) bearer(s)
which requires corresponding bearer setup and modification
procedures to include DL path setup.

With regard to the above described examples of embodi-
ments of the invention, 1t 1s to be noted that the proposed
HHNB and admission control will ameliorate interference
problems caused by the uncoordinated deployment of femto-
cells so that network operators will benefit from the proposed
hybrid approach. At the same time, there 1s no penalty to
users’ Xx-DSL/cable Internet access so that the existing sub-
scribers do not experience any negative effect.

Furthermore, as described above, the deployment of HNBs
that can also simultaneously act as relay node will not only
make the system more robust to failures due to excessive
interference, but 1t also creates alternatives for load sharing
and load switching. That 1s, when the radio resources from the
macro-cell are exhausted or isuilicient, there 1s still a possi-
bility to handover regular (unregistered) users to the HHNB
whenever excessive capacity 1s available (including the DSL
backhaul) that will act as relay node for such UEs.

According to further examples of embodiments of the
invention, the proposed HHNB also enables the possibility to
perform interference coordination between HNB and macro
eNB via the wireless backhaul link. It the wireless backhaul
link 1s active for OSG RN users, 1t can be used also to employ
interference coordination between CSG HNB users and
macro UEs. The same measurements and messages used for
interference coordination between RN served UEs and macro
eNB served UEs can be also used for interference coordina-
tion between HNB served UEs and macro eNB served UEs.

It 1s to be noted that during the admission control, both 1n
the RN part and the HNB part, the air interface 1s involved. As
such, according to examples of embodiments of the inven-
tion, OSG users are admitted only 11 they do not compromise

the QoS of the already active CSG users 1n the hybrid HNB
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cell. A corresponding determination may be effected, for
example, 1n step S60 of FIG. 3 or 4. In other words, not only
the bearers with strict QoS requirements such as guaranteed
bearers, but also best effort bearers of the CSG users have to
be protected. However, according to further examples of
embodiments of the invention, a corresponding priority set-
ting may change depending on billing profiles of the HNB
owners agreed with the operators.

Furthermore, during admission, 1t 1s described in examples
of embodiments of the invention that CSG users are assigned
to use the HNB functionality while OSG users are associated
with RN functionality. However, according to {further
examples of embodiments of the invention, this may not be
the case. For example, 1n case the Internet link between the
HHNB and the HNB GW becomes congested, so that the
quality (from UE to the gateways) for the OSG users that ar
connected to the RN part ends up as being better than for the
CSG users, an internal “handover” procedure may be per-
formed. In this internal “handover”, which 1s done transpar-
ently to the UE, the DL path 1s switched from the HNB part to
the RN part.

On the other hand, 1n a situation where there are almost no
CGS users, but a flat rate Internet connection, according to
turther examples of embodiments of the mmvention, a han-
dover of OSG users may be executed to the HNB part, thus
avolding the overhead on the wireless backhaul link. How-
ever, 1n this scenario, 1t has to be checked whether the HHNB
owner 1s willing to make his Internet connection available for
other’s trailic, which may limit such a change. For example,
to deal with this problem, operators can come up with incen-
tive plans such as a reduction 1n total costs of a monthly bill of
the HNB owners (and hence the rightiul users of the Internet
connection) depending on how much traific they have routed
tor the sake of the OSG users. Or the operator offers a package
that includes all the above, 1.e. the user does not have to decide
but gets a single option only.

As also 1ndicated above, registered (CSG) users may be
provided with an absolute QoS priority 1n detriment of other
users. Thus, according to examples of embodiments of the
imnvention, 1n case of overload, a forced handover to the
macro-cell of the OSG users may be performed 1n order to
free capacity for CSG users.

In order to maintain low complexity and to prevent HNB
ping-ponging, according to examples of embodiments of the
invention, handovers of registered UEs from a femto-cell to
another femto-cell, where such UEs would be treated as
unregistered users, may be restricted. This may be useful in
particular in dense urban deployments.

As described above, there are restrictions regarding the
allowance of admission of unregistered users which may
depend, for example, on predetermined thresholds related to
the load situation at the respective links/interfaces. Addition-
ally or alternative to corresponding threshold settings,
according to examples of embodiments of the mmvention, a
neighboring eNB may send a signal to encourage/discourage
OSG admission in the HHNB. For example, eNBs may
broadcast a “load sharing request” message, and the HHNBs,
upon recerving this message, may activate the RN mode (1.¢.
allows admission of other users).

According to further examples of embodiments of the
invention, the HHNB may also execute the following proce-
dure. While a conventional relay node 1s supposed to be under
the control of the DeNB for radio resource configuration and
allocation, the HHNB, depending on ownership and priority
whether HNB mode or RN mode comes first, may reclaim a
part of commuitted resources shared between Uu and Un inter-

faces due to the RN mode. This means that the HHNB may
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initiate and send a request to the DeNB 1if the committed
resources to the RN part need to be reclaimed to serve CSG
users. This 1s particularly relevant 1f the HHNB needs these
resources to be able to serve CSG users and then routes their
traffic towards the wired interface. Then the Un interface to
the DeNB may be loaded only extremely lightly or not at all.
For a RN this case cannot happen because all the traffic needs
to go via the Un iterface, but for the HHNB 1t may be a
significant case. In a further example of embodiments of the
invention, the connection via the Un interface may be com-
pletely suspended at lest temporarily, or switched into a mode
where 1t 1s only activated intermittently e.g. to maintain a
signaling link.

According to further examples of embodiments of the
present invention, there 1s provided a method (and a corre-
sponding apparatus configured to executed a corresponding,
processing by means of suitable components) comprising
receiving a request for connecting a subscriber, identifying,
whether the subscriber belongs to a closed subscriber group
or to an open subscriber group, and deciding, on the basis of
the identified subscriber group of the subscriber, to assign the
subscriber to a first connection route or a second connection
route.

Moreover, according to further examples of embodiments
ol the present invention, there 1s provided an apparatus com-
prising receiving means configured to receive a request for
connecting a subscriber, processing means configured to pro-
cess the request, wherein the processing means further com-
prises 1dentilying means configured to identify whether the
subscriber belongs to a first subscriber group or to a second
subscriber group, deciding means configured to decide, on
the basis of the subscriber group of the subscriber 1dentified
by the 1dentifier, to assign the subscriber to a {irst connection
route or a second connection route, detecting means config-
ured to check available resources on the assigned first or
second connection route, and processing means configured to
process the request in accordance with a result of the resource
check of the detector.

For the purpose of the present invention as described herein
above, 1t should be noted that

an access technology via which signaling 1s transferred to

and from a network element or node may be any tech-
nology by means of which a node can access an access
network (e.g. via a base station or generally an access
node). Any present or future technology, such as WLAN
(Wireless Local Access Network), WiMAX (Worldwide
Interoperability for Microwave Access), BlueTooth,
Infrared, and the like may be used; although the above
technologies are mostly wireless access technologies,
¢.g. 1n different radio spectra, access technology in the
sense of the present invention implies also wired tech-
nologies, e.g. IP based access technologies like cable
networks or fixed lines but also circuit switched access
technologies; access technologies may be distinguish-
able 1n at least two categories or access domains such as
packet switched and circuit switched, but the existence
of more than two access domains does not impede the
invention being applied thereto,
usable access networks may be any device, apparatus, unit
or means by which a station, entity or other user equip-
ment may connect to and/or utilize services offered by
the access network; such services mnclude, among oth-
ers, data and/or (audio-) visual communication, data
download etc.;
a user equipment may be any device, apparatus, unit or
means by which a system user or subscriber may expe-
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rience services from an access network, such as amobile

phone, personal digital assistant PDA, or computer;

method steps likely to be implemented as software code
portions and being run using a processor at a network
clement or terminal (as examples of devices, appara-
tuses and/or modules thereot, or as examples of entities
including apparatuses and/or modules for it), are sofit-
ware code independent and can be specified using any
known or future developed programming language as
long as the functionality defined by the method steps 1s
preserved;

generally, any method step 1s suitable to be implemented as
soltware or by hardware without changing the idea of the
invention in terms of the functionality implemented;

method steps and/or devices, apparatuses, units or means

likely to be implemented as hardware components at a

terminal or network element, or any module(s) thereof,

are hardware independent and can be implemented
using any known or future developed hardware technol-
ogy or any hybrids of these, such as MOS (Metal Oxide

Semiconductor), CMOS (Complementary MOS),
BiIMOS (Bipolar MOS), BiICMOS (Bipolar CMOS),
ECL (Ematter Coupled Logic), TTL (Transistor-Transis-

tor Logic), etc., using for example ASIC (Application
Specific IC (Integrated Circuit)) components, FPGA
(Field-programmable Gate Arrays) components, CPLD
(Complex Programmable Logic Device) components or
DSP (Dagital Signal Processor) components; 1 addi-
tion, any method steps and/or devices, units or means
likely to be implemented as software components may
for example be based on any security architecture
capable e.g. of authentication, authorization, keying
and/or tratlic protection;

devices, apparatuses, units or means can be implemented
as mndividual devices, apparatuses, units or means, but
this does not exclude that they are implemented 1n a
distributed fashion throughout the system, as long as the
functionality of the device, apparatus, unit or means 1s
preserved,

an apparatus may be represented by a semiconductor chip,
a chipset, or a (hardware) module comprising such chip
or chipset; this, however, does not exclude the possibil-
ity that a functionality of an apparatus or module, instead
of being hardware implemented, be implemented as
soltware 1 a (soitware) module such as a computer
program or a computer program product comprising
executable software code portions for execution/being
run on a processor;

a device may be regarded as an apparatus or as an assembly
of more than one apparatus, whether functionally 1n
cooperation with each other or functionally 1indepen-
dently of each other but in a same device housing, for
example.

As described above, there 1s proposed a mechanism pro-
viding functions of a so-called hybrid home node B (HHNB)
where subscribers, depending on their belonging to a specific
subscriber group, such as a closed subscriber group or an
open subscriber group, are admitted for a connection to the
communication network via different connection routes and
systems. Alter a request for connecting a subscriber 1s
received, an 1dentification process 1s performed whether the
subscriber belongs to a first subscriber group (CSG) or to a
second subscriber group (OSG). On the basis of this 1denti-
fication, the subscriber 1s assigned to a first connection route
or a second connection route. It 1s then checked whether
available resources on the assigned connection route are sui-
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ficient, wherein on the basis of this check the request for
connecting 1s allowed or rejected.

Although the present invention has been described herein
before with reference to particular embodiments thereot, the
present invention is not limited thereto and various modifica-
tions can be made thereto.

The invention claimed 1s:

1. A method comprising:

receving a request for connecting a subscriber,

identifying whether the subscriber belongs to a first sub-

scriber group or to a second subscriber group based at
least 1 part on a priority value assigned to the sub-
scriber, with a higher priority subscriber being assigned
to the first group and a lower priority subscriber being
assigned to the second group,

deciding, based on the identification of the subscriber

group to which the subscriber belongs, to assign the
subscriber to a first connection route to a core network
using a base station configured to act as a home Node B,
wherein the base station 1s a hybrid base station capable
of acting as a home Node B or as a relay node, wherein
the first connection route provides a connection using a
wired backhaul, or a second connection route to the core
network, wherein the hybrid base station 1s configured to
act as arelay node, wherein the second connection route
provides a connection using a wireless in-band link,
wherein a subscriber belonging to the first group 1s eli-
gible to be assigned to either the first connection route or
to the second connection route, and wherein a subscriber
belonging to the second group 1s eligible to be assigned
only to the second connection route,

checking available resources on the assigned first connec-

tion route or second connection route, and

processing the request in accordance with a result of the

resource check.

2. The method according to claim 1, wherein the process-
ing of the request turther comprises one of

admitting the subscriber for establishing a connection via

the assigned connection route when the result of the
resource check indicates suificient resources on the
assigned connection route, or

rejecting the request of the subscriber when the result of the

resource check does not indicate suificient resources on
the assigned connection route, or
checking, when the result of the resource check does not
indicate sulficient resources on the assigned connection
route, resources on the other of the first or second connection
route being different to the assigned connection route,
wherein, when the subscriber belongs to the first group and
the result of the resource check indicates suificient
resources on the other connection route being different
to the assigned connection route, the method further
COMPrises

changing the assignment of the subscriber to the other

connection route, and

admitting the subscriber for establishing a connection via

the other connection route.

3. The method according to claim 2, further comprising
initializing a setup of a downlink path via the assigned con-
nection route when the subscriber 1s admitted.

4. The method according to claim 1, wherein the first
subscriber group 1s a closed subscriber group, and the second
subscriber group 1s an open subscriber group.

5. The method according to claim 1, wherein the first
connection route and the second connection route comprises
a link to the subscriber, wherein the checking of available
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resources on the assigned first or second connection route 1s
conducted with regard to the link to the subscriber.

6. The method according to claim 5, wherein the first
connection route further comprises a link to a core network,
which 1s based on a femto cell architecture including a wired
back-haul, or a link to the core network, which 1s based on a
relay node architecture including a wireless connection as its
backhaul, and the second connection route comprises the
other link to the core network, based on the femto cell archi-

tecture or the relay node architecture, which 1s not used by the
first connection route.

7. The method according to claim 1, wherein assigning of
the first connection route or the second connection route to the
subscriber further comprises

determining tratfic loads on the first connection route and

the second connection route, wherein the assignment of
the subscriber to the first or second connection route 1s

executed based on the determined trattic loads.

8. The method according to claim 1, wherein assigning of
the first connection route or the second connection route to the
subscriber further comprises

determining a quality of service level to be provided for

traffic 1n a connection to be established for the sub-
scriber, wherein the assignment of the subscriber to the
first or second connection route 1s executed based on the
determined quality of service level.

9. The method according to claim 1, wherein assigning of
the first connection route or the second connection route to the
subscriber further comprises

determining a bearer category of a bearer used for a con-

nection of the subscriber, wherein the assignment of the
subscriber to the first or second connection route is
executed based on the determined bearer category.

10. The method according to claim 1, further comprising

determining traffic loads on the first connection route and

the second connection route when the subscriber 1s
assigned to the first or second connection route,

when the subscriber belongs to the first group, changing,

based on the determined traific loads, the assignment of
the subscriber to the other of the first or second connec-
tion route, and

initializing a setup of a downlink path via the changed

connection route.

11. The method according to claim 1, further comprising

giving the first subscriber group a higher priority than the

second subscriber group, wherein, when the subscriber
belongs to the second subscriber group, the request for
connecting the subscriber 1s rejected when the available
re-sources are below a predetermined threshold.

12. A non-transitory computer-readable medium storing a
program ol instructions, execution of which by a processor
configures an apparatus to perform the steps of claim 1.

13. The non-transitory computer readable medium of claim
12, wherein said non-transitory computer readable medium
comprises an external memory module.

14. The non-transitory computer readable medium of claim
12, wherein said non-transitory computer readable medium
comprises mternal memory of a computer.

15. An apparatus comprising:

at least one processor;

memory storing a program of instructions;

wherein execution by the at least one processor of the

program of instructions stored in the memory causes the
apparatus to at least:

in response to receiving a request for connecting a sub-

scriber,
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process the request, wherein processing the request further
COMPrises

identifying whether the subscriber belongs to a first sub-
scriber group or to a second subscriber group based at
least 1 part on a priority value assigned to the sub-
scriber, with a higher priority subscriber being assigned
to the first group and a lower priority subscriber being
assigned to the second group,

deciding, based on the identification of the subscriber

group to which the subscriber belongs, to assign the
subscriber to a first connection route to a core network
using a base station acting as a home node B, wherein the
base station 1s a hybrid base station capable of acting as
a home Node B or as a relay node, wherein the first
connection route provides a connection using a wired
backhaul, or a second connection route to the core net-
work, wherein the base station 1s acting as a relay node,
wherein the second connection route provides a connec-
tion using a wireless in-band link, wherein a subscriber
belonging to the first group 1s eligible to be assigned to
either the first connection route or to the second connec-
tion route, and wherein a subscriber belonging to the
second group 1s eligible to be assigned only to the second
connection route,

checking available resources on the assigned first or second

connection route, and

processing the request 1n accordance with a result of the

resource check of the detector.

16. The apparatus according to claim 13, wherein the appa-
ratus 1s further caused to

admit the subscriber for establishing a connection via the

assigned connection route when the result of the
resource check indicates sufficient resources on the
assigned connection route, or

reject the request of the subscriber when the result of the

resource check does not indicate suificient resources on
the assigned connection route.

17. The apparatus according to claim 16, wherein the appa-
ratus 1s further caused to mitialize a setup of a downlink path
via the assigned connection route when the subscriber 1s
admatted.

18. The apparatus according to claim 13, wherein the appa-
ratus 1s further caused to initialize the detector to further
check, when the result of the resource check by the detector
does not indicate suilicient resources on the assigned connec-
tion route, resources on the other of the first or second con-
nection route being different to the assigned connection route,
wherein, when the result of the resource check indicates
suificient resources on the other connection route being dif-
ferent to the assigned connection route, the apparatus 1s fur-
ther caused, when the subscriber belongs to the first group, to
change the assignment of the subscriber to the other connec-
tion route, and admit the subscriber for establishing a con-
nection via the other connection route.

19. The apparatus according to claim 15, wherein the first
subscriber group 1s a closed subscriber group, and the second
subscriber group 1s an open subscriber group.

20. The apparatus according to claim 15, wherein the appa-
ratus 1s further caused to provide a link to the subscriber, and
to check available resources on the assigned first or second
connection route with regard to the link to the subscriber via
the communication portion.

21. The apparatus according to claim 20, wherein the appa-
ratus 1s further caused to establish a connection to a core
network using the first connection route if the subscriber
belongs to the first group, and to establish a connection to the
core network using the second connection route 1f the sub-
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scriber belongs to the second group, wherein the establishing
the connection using the first connection route 1s performed
using a femto cell architecture including a wired backhaul, or
on a relay node architecture including a wireless connection
as 1ts backhaul, and establishing the connection using the first
connection route 1s performed using the other of the femto
cell architecture or the relay node architecture, which 1s not
used 1n establishing the second connection route.

22.'The apparatus according to claim 15, wherein the appa-
ratus 1s further caused to determine traffic loads on the first
connection route and the second connection route, and to
assign the subscriber to the first or second connection route on
the basis of the determined traffic loads.

23. The apparatus according to claim 15, to determine a
quality of service level to be provided for traffic in a connec-
tion to be established for the subscriber, and to assign the
subscriber to the first or second connection route on the basis
of the determined quality of service level.

24. The apparatus according to claim 135, wherein the appa-
ratus 1s further caused to determine a bearer category of a
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bearer used for a connection of the subscriber, wherein the
assignment of the subscriber to the first or second connection
route 1s executed on the basis of the determined bearer cat-
egory.

25. The apparatus according to claim 15, wherein the appa-
ratus 1s further caused to determine traific loads on the first
connection route and the second connection route when the
subscriber 1s assigned to the first or second connection route,
to change, on the basis of the determined traffic loads, the
assignment of the subscriber to the other of the first or second
connection route, and to mnitialize a setup of a downlink path
via the changed connection route.

26. The apparatus according to claim 13, wherein the appa-
ratus 1s further caused to give the first subscriber group a
higher priority than the second subscriber group, wherein,
when the subscriber belongs to the second subscriber group,
and to reject the request for connecting the subscriber when
the available resources are below a predetermined threshold.
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